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Executive Summary:

Since 2014multi-year, multispecies disease outbreak pasgressedeographically along the Florida
Reef Tractfrom an aigin near Virginia Key From fall 2017 to spring 2018, 134 reef sites were
surveyed to identify the geograpMioundaryof the diseasas well as provide information on rates of
progressiongrossreefprevalencalifferences, andifferences in response$impacted species. Roving
diver surveys were conducted during two featt wide assessments in fall 2017 and spring 2018, and
roving diver and belt transect surveys were conducted in a targeted effort near the southern disease
boundary in winter 201718 between Long Key and Marathon

Surveys confirmed prevalence of the disease on 15 coral species, including the primary reef builders and
five ESA-listed speciedDiseasavas conspicuously absem some other species, including the
AcroporaandPoritesspp. Disease hotspots agdographidifferences in disease prevalence sadw

that tissue loss begins on different species at different times. Broadly, the brain corals (particularly
Meandrinameandritey arethe first to show tissue loss. Boulder coral atiensgenerallyappear

shortly thereaftenvith Montastraea cavernosa particular often a later speciesexhibit tissudoss.

During Fall 2017, the disease boundary was determined to be north of Long Key. By wint&82017
was off Marathon, andybSpring 2018, it was observed at Looe Key off of Big Pine. The ratsease
boundary progressias estimated at betwe@and 22 km/monthwith the prediction that the whole of
the Florida Reef Tract (excluding Dry Tortugas) will be infected betweeea 2018lanuary 2019.

No differences in progression rat@sinfection susceptibilitiegiere found based aeef zongmid-

channel patch reefs, offshore patch refeie reefs)However, thegrogression was found to be not

entirely linear. In severalihsances, signs of infection were pre
sites. These infected sites were sometimes up konl€buthwest ofthe nearestnown disease site.

Anecdotal observations include observationprobableinter- and intraspecifc transmission by touch
as well as corals showing at least sttertn resilience in heavily infected areas.

Roving diver surveys proved to be an effective and efficient wagltect large amounts of site data on
susceptible species. Belt transects walaable for assessing common species (particuladgrastrea
sidereg. Meandrinameandrites s 1 denti fied as a primary fHearly
signs of disease ahead of all other common species. The progression of disease signththvanigus
species, as well deevarying speedat which they progress to futhortality, are important to consider

in developingearly warning systemar potential treatment options to reduce pathogen load or save
susceptible colonies. The widespreadtient of the disease suggests a heavy pathogen load on the Florida
Reef Tract, and consideration of minimizing or preventing the wmtare spread of this by

anthropogenic means to other regions is recommended.



Introduction:

Since 2014, thd-lorida Reef Tracthas beerexperiencing a coral dieff that has affectetiumerous
scleractiniarspecies antheenunprecedented in its geographic and temporal scope. First appearing near
Virginia Key, it progressed rapidly northward to the northern boundaribe oéef tract and also showed

a slower but steady progression southward into the Florida Keys National Marine Sanctuary.

The dAwhi t diesffjpresemtsoamtessue lasgliating fromdisease lesions. Within most species,

a stark line between appatby healthy tissue and denuded skeleton progresses rapidly across the colony,
sometimes from multiple lesions. WithMontastrea cavernosa bleached area of tissue lies between
dead skeleton and apparently healthy tissue. An8iderastrea sideg multiple irregularly shaped
lesions across the colony eventually coalelscalmost all affected species, tissue loss leads to full colony
mortality.

Beginning infall 2017, an effort was undertaken to determine the location of the southern disease
boundaryln addition to identifying thgeographic extent of infectipaurveys alsexamined differences
in impacted species, habiaglatedsusceptibility and rate of progressioracross the reef tract

Methods:

Sites:

Sites werdirst assessetbllowing Hurricane Irma betweeSeptember 2017 and April 2018. Initial site
visits (Sepember23, 20171 Octoberl7, 2017 were opportunistally conducted either off of Rainbow

Reef Dive Shop boatduring poststorm assessments (3 sites), or as pag cfllaborative National
Oceanographic and Atmospheric Administration (NOA¥sthurricaneassessmentruise (55 sites).
These sitesvere located from Key Largo to Key West amndre selectedio focus primarilyo n  fi-hi g h
val ue o t o u-teimsnonitaingtsiesandFlorida Regf Resilience Program (FRRP) Disturbance

Response Monitoring
(DRM) sites with high coral
cover.

Based onthe results from

the SeptembeDctober

2017 surveys a second

survey effort was conductec

between November 21,

2017andJaruary?21, 2018 =
Some of thesEB sites)were o

[

surveyed opportunistically A

by Florida Fish and *a

Wildlife Conservation é&ﬁ e &
Commi ssionés WIR D
Ecology team as Sibalk A s A April 2018 A
researchers/ere on site for ot e 5 = =l —
other projects. The majority

(28 sites)verespecifically Fig 1. Location of all survey sites, tigguished by project/da
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directed towardslisease agssments within a projected disease zone (between Long Key and Grassy
Key).

These argeted sites were initially selected usmgtratified random design &elect30 primary sites
positioned onnshore patch reefs, mithannel patch reefs, offshore patelefs, and forereef habitats.
However, aftetwo days of sampling7 of these sites were found to be sand/grass, and others had
inadequate densities of corals to conclude whether disease was.fdreeeser to maximizéeld efforts
(visiting only siteswith corak) and probability of disease detectigargeting sites with higltoral
densities), anorestrategicapproach was applieBastFRRP surveyecordswere sorted tadentify sites

within the disease margin zotiatrecordechigh coralcoveraswel as t he presence o
i ndi cat or dMeagriraaneandritednd Diclkeocoenia stokesiiThesetargeted sitesomprised
the remainder afhe November to January assessments.

A final reetwide assessment was conducted in April 201gr (A~ May 10, primarily during a Nova
Southeastern Universifylorida AquariumDendrogyra cylindrusassessment cruise. All sites were
centered on points which containkdown D. cylindruscolonies and thusvere confined mostly to the
forereef. In total48 sitesbetweenCarysfortReef(Key Largo)andSand Key(Key Wes} were surveyed
duringthespring assessment

In total, 141 sites were assessed. Of thes®4 fielded reefrelated habitat data suitable for disease
assessmer{Fig 1. Appendix ). Seventyof thesewere located between Tennessee Reef and Looe Key,
which were estimated as the southern boundaries in August 2017 and April 2018 respectively.

Assessments:

The primary mode of disease assessmentaasgdiver surveysDuring each survey everdne or more
diverssurveyed the arday tallying coral colonies larger than 10 cm. If multiple divers were surveying,
care was taken taot overlap survey areas. Divers on all surveys excludedporids, Milleporids,
Siderastrea sidereaandPorites asteoidesfrom their tallies in ordeto focus on species that either show
susceptibility (unlike Acroporids, Milleporids, ané. astreoides or were not so common as to
overwhelm the census (like siderea During most surveyshe minimum survey time wa20 minutes.
During the April 2018 surveysurvey timesould be as short as 5 minutedtsesywere being conducted
opportunistically with another project. Roving divers tallied colonies by species into one of four
categories: ljecently dead in a mannsuggesting diseaselated mortality, 2active white disease, 3)
symptoms of concern (paling or bleaching spots), artiedlthy.

During theNovember to Januanyiseasespecific surveys (28 sites between Tennessee and Sombrero),
10x1m belt transects we also conductetbllowing the FRRP DRM methodologyAt each sitefwo
divers deployed nenverlapping transects and surveyed the status bballcoralsgreater than 4cm in
diameterwithin the transectProportions of healthy versus diseasedidereaandP. astreoidesat each
sitewere derived from these transects



ResultfDiscussion
Species susceptibility:

Proportion

Species N Affected

Across all surveys,£hard coral species werecorded

Porites astreoides 139

Of these,nine were completely or almost completely

Porites porite$ 81

asymptomatic Porites astreoids, Porites porites,

b

Madracis decacti 20

Madracis decactis, Madracis mirabilis, Mussa angulog

Madracis mirabilis 4

p

Scolymia cubensis, Oculinaspp., Stephanocoenig

Mussa angulosa 4

michilini, and Agaricia agaricites The invasive

olo|Oo|O|O|O

Scolymia cubensfs 1

Tubastraea coccinewas also observebut not tallied

Oculina spp|. 1|0

in an area of high diseaand displayecho visible signs

Stephanocoenia michilini 9430.004

of susceptibility.Thesespecies had diseapeoportions

S

Agaricia agaricites  1780.006

lowerthan 0.0@, which are less thafour timesthoseof

Eusmilia fastigiata  80{0.025

any other specieqTable 1). For some of theseM.

0.033

mirabilis, M. angulosa, S. cubensind Oculina spp),

Pseudodiploria clivoda 182

Orbicella annularis  234/0.038

sampe sizes arsmall butfor others, a large number g

Orbicella faveolata 12630.041

colonies were recordedThese proportions are ng

Montastrea cavernosa 32340.046

indicative of reeftract or even regional valuas they are

Solenastrea bournoni 2320.047

calculated from a variety of site selection methodologies

Colpophyllia natans 16210.057

Howeverthenoted absence ofgkase on thainelargely

Orbicella franks|i 4390.062

asymptomatic species particularly as compared t

D

Siderastrea siderga 8990.071

disease observations on other species, strongly sug

hests

Mycetophyllia spp  33/0.091

a list of specieghat arenot susceptible

Dichocoenia stokesii 887/0.100

Susceptibility and infection ratiosf speciesvere further

Diploria labyrinthiformis  461/0.108

0.126

determined byocusing on patterns within areas of acti
disease. These areas were identified by calculating

b

.~ Pseudodiploria strigosa 947
o 0.233

... Meandrina meandrites 387

ﬂ"w Dendrogyra cylindrus  49/0.286

n
L

disease index: the proportion of recently dead
diseased colonies divided by the total number
recorded colonies for the eight masisceptible species
Meandrina  meandrites Dichocoenia  stokesii,
Colpophyllia natans, Pseudodiploria strigosa, Diplori
labyrinthiformes, Orbicellapp,Solanaestera bournoni
and Montastrea cavernosal’he eleven sites with ¢
disease index greater than 0.3 (30% of index detor
infected) were used to look at proportional infection ra
at di s eas e SeVehteeh sspetiess weé
documented at these sites, and the proportion
symptomatic colonies ranged frogreater than80%
(Meandrina meandritgsto 0% (Eusmyllia fastigata,
Mycetophyllia lamarckiana, Madracis decactis, Porit
porites, Porites astreoidggFig 2).

One plausible explanatiofor these speciespecific
differences in visible infections is the length of time ec
species has been displaying signs of dise¥gkile

Table 1. Proportion of each recorded coral sp
affected by disease across all 134
Proportions are determined by tallies of colo
showing active disease or 100% recent mor
divided by total number of observeamblonie:
within each species. Recent mortality is ident
as bright white skeleton; as algal coloniza
makes these indistinguishable from old mort
within weeks, the proportions represen
shapshot of disease at a given time rather t
cumuhtive impact. Tallies were conducted
roving diver survey for all species excéfarites
astreoidesand Siderastrea sidereawhich wert
determined via 1x10 meter belt transedtsing
the December surveysSpecies shaded in g
show little to no susceipility to the disease.

<

<



individual sites/colonieswere Fi g 2a. Average proportion of e
not fatetracked in these Sites all had overall colony infection rates greater than 0.3 of susc
surveys, species with highe species. Error bars are-+éne standard deviation. Species names-axis
disease proportions a are derived from first letter of genus and first three letters of specie:
Aihotspotsod are MMEA is Meandrina meandritgs

in which infections are first
observed in downstream (th
most newly infected) sites. Fo
example, atthree survey sites
around Coffins Patch
(Marathon), the site disease a)

index decreagk in a 1.00
southwesterly direction. At the
most downstream site, th

0.80
disease index was 0.02, and or 0.60
M. meandrinawas infected A .
site 1 km to thenortheast had & 0.40
disease index 0f0.06 four
infected species,and some 20 i ﬁ
colony mortality of M. 0.00 1 1

meandrina At the northeasterr SR 9 g C o DS b
most site, which had a diseas &S SN QV@@ PSP T FFE L
index of 0.11, five species wer:

infected, and colony mortality b)

of both M. meandrinaand D.

stokesii had occurred (Fig 3).

These geomphic patterns

suggest that signs of disease ¢

not appear concurrently in al

species, and that proportion: :
differences in disease as well ¢
mortality rates are driven by the
susceptibility to infection and/or
the early display of diseas:

Fig 2b. Location of hotspot sites used in analysis. High disease pre
sites were concentrated off Key Largo in Fall 2ahdoff of Long Key an
Marathon inWinter 201718 and Spring 2018.

Infection Rates at Disease "Hotspots"

Proportion Infected

o
N

) *a

SIons. At 0ct2017 N

Obsenations of Y Dec 2017
e & A April 2018

transmission: - km

Within high density sites (Long 0 51 20 30 40

Key Bridge Rubble and inshore patch reefs), corals frequently have physical contact with conspecifics as
well as individuals of other species. Anecdotal observations note many instances in whicedbke d
appears to transmit from an infected individual into an individual of the same or different species at the
contact marginFig 4). However,examples of colonies in physical contact with both ingéerd intra

specific diseased/dying colonies that ao¢ diseased or do not display signs of disease at the region of
contact also aboun(@Fig 5).



Fig 3. Prevalence of disease on five early indicator species on three reef patches within and near Co
(Marathon). Assuming that the disease infects from northeast to south@estpsinfection appear first av.
meandritesthen on other species. Mortality follows, with species showing the first signs of infection also :
the first signs of complete mortality.

F |
& | Coffins N
| 100%
80%
._ 05 1 kr/\'\.
/Sg,p.. \ ﬁ 60%
Q2 \ 40%
e LY
A\ va&
o oo i 20%
\ s 0%
\ __// MMEA DSTO CNAT PSTR LAB
Coffins NE
100%
Coffins DCYL 80%
100% 60%
80% 40%
60% 20%
40% 0%
20% MMEA DSTO CNAT  PSTR
S "l Recently Dead Pale Spots
MMEA DSTO CNAT PSTR " M Diseased B No symptoms

Observations of corals becoming infected at the point of contact with another diseased colony at both the
inter- and intraspecific level suggest that tranission is heightened by physical contact. However, the
large number of colonies infected that are not in contact with other hard corals, the transmission between
reef s, and the Ajumpso in infection betwggestsn ar
morewidespread transmission mechanisms. Laboratory transmission experiments (Val Paul, pers comm)
show infection of healthy corals by diseased ones even through sterile seawater.

Thatsome colonies appear ndiseased when surrounded by or evarching diseased colonies of the
same or different species may be of interest for determining disease resistaheseAsirveys represent
only snapshots of each sitbgy camot determine whether disease signs for these exposed but apparently
healthycolonies would soon appear or whether some-teng resistance was being observed. However,
the presence of some healthy individuals even at higisgased sites suggests at least a gaort
resistance within species. Fate tracking of individual ce®throughout the infection period is advised

to further explore thitopic.



Fig 4 (below). Probable transmission via contact betwe
intraspecific colonies (left: twoPseudodiploria strigosa and

interspecific colonies (right: recently dedkandrina meandrites
colony and new signs ddichosoenia stokeg‘m

Fig 5(below). Colonies in which contact may not be causing dise
transmission. Left: Infected Orbicella faveolata adjacent to
diseased/dea@olpophyllia natansand Diploria labyrinthiformes

Lesions on th@®. faveolataare not adjacent to the infected colonit
Right nearly deadColpophyllia natangnd adjacent asymptomati

Boundary Determination:
Boundary determinatioanalyses were

conducted using two metrics: a
biological concept (site of first
observable infection and an

anthropa@entrc socideconomic one
(site  where prevalence is easily
observable).

: The biological disease boundanhisre

defined asthe most downstream site

. wheresigns of disease indicative of this

outbreak are observed. Asan early
indicator species, Meandrina
meandritess the primary candidater
this determination. Geographic extent
of disease in other species was also
examined, but in no instances did other
species correctly identify infection
furtherdownstreanthanM. meandrina

o ) colonies. In two cases, use of other
Pseudodipbria strigosa

species gave a #dfals
single colony with nl
plague indicated infection tens of

kilometers ahead of all other indications
of the disease boundary.

Using this method, the following
boundaries were identifiedh October
2017, no diseased M. meandrites
colonies were recorded south of
Y. . A Tennessee Reef (Long Key). By
January2018, infected colonies were documented off of the south end of MaraByApril 2018,
infected colonies were documented at Looe Key (Big Pine Keig) 6). Using thesesouthernmost
observations ovethe three survey periods (Oct 2017, Dec 2017, and April 2@Hi&)ate ofboundary
movement down the reef tract is estimated at betwezhklometers per month. Between the December
2017 and April 2018 surveyg,crossed any hydrographic barrier that 8evenMile Bridge flow may
have caused, leaving few if any natural barnems past Key WestAt this rate, the entirety of the Florida
Reef Tract (not including Dry Tortugais)expected tde symptomatidoeween June and August 2018.

Progressiortanalso be documented by usitige totalproportion of susceptibleolonies a measure that

is more indicative of the point at which the #fg
coral mortalityand disease rates at a level noticeable to divers or other members of the community lag
behind biological infection disease margins. Though some early indicstonss@ndrinaandD. stokesi

are rapidly infected, they are relatively small, uncommon gatckly undergo 100% mortality. Infection

at a reef level is more visible when the brain and boulder corals become heavily infected. This is not a
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Fig 6. Location of disease margin based on infectic
Meandrina meandritesColors represent presenced ot
absencedreern) of disease. Open circles indicate no I
meandrites Note the absence dfl. meandritesat site
wheredisease has already resulted in 100% mortality c
species.

Fig 7. Location of disease margin based on an ¢
observable prevalence of disease. Sites with greate
15% infection on susceptible species indicated in red
with less than 15% disea index in green.



